. DOC render people immobile, possibly affecting motor pathways over time, and is potentially the most similar population to that of CLIS. Kübler and Birbaumer (2008) tested seven CLIS patients, none of whom were able to communicate with a BCI; aside from this study very few CLIS patients have been tested and these data remain unpublished. In contrast to CLIS, people with LIS retain some rudimentary ability to communicate through eye movement, or subtle muscle movements. In LIS populations, studies have shown effective communication with visual implementations of the P300 BCI paradigm (Kübler and Birbaumer, 2008; Sellers et al., 2010) . Conflicting results have been shown regarding whether the severity of neuromuscular disability affects BCI performance. Kübler and Birbaumer (2008) found that remaining neuromuscular function is not related to BCI performance. Contrary to these results, Piccione et al. (2006) found that BCI performance deteriorates with greater neuromuscular disability. The differing results may be attributed to small sample size and/or individual differences. Thus, studies with much larger sample sizes are needed to begin to disambiguate this important issue.
Auditory P300 brain-computer interfaces and their limitations
Lulé et al. (2013) have extended a 4-choice auditory paradigm, which provides basic yes/no communication (Sellers and Donchin, 2006) , to a large number of DOC patients. Their results show that all but one DOC and one LIS patient were unable to communicate using an online four-choice auditory BCI. Offline analyses suggested a performance level of 57% for the successful DOC patient, which is not considered sufficient for effective communication. Nonetheless, the study suggests that such communication may be possible. The study also provides a realistic appraisal of the many logistical difficulties encountered when working with such patients.
A number of papers has suggested that an auditory BCI can be a viable option to a visual BCI. This is obviously true if it is not possible to use a visual system. However, there are a number of potential problems associated with auditory P300 BCI paradigms. Auditory ERPs show greater variability than the visual ERPs and accuracy is generally higher for visual paradigms (Furdea et al., 2009; Klobassa et al., 2009; Nijboer et al., 2008; Sellers and Donchin, 2006) . Auditory stimuli must be presented in a serial order, whereas multiple visual stimuli can be presented simultaneously. Auditory stimuli also take approximately 10 times longer to present than visual stimuli. For example, spoken stimuli take approximately 500 ms to present and visual stimuli take approximately 50 ms to present. Thus, several more selections per minute are possible in the visual modality. Attention must be paid to every stimulus in an auditory paradigm if more than two stimuli are used. The identity of each stimulus must be verified to determine if it is the desired selection (see Schreuder et al. (2010) for an auditory localization task that avoids this problem), which is not necessary in a visual paradigm. A two-choice auditory P300 BCI is most likely not beneficial. One stimulus must be presented with a much higher probability than the other stimulus in an oddball paradigm, and the less probable stimulus may elicit an unwanted P300 regardless of whether or not it is the desired choice. Setting stimulus probability at 0.5 will also significantly reduce P300 amplitude (Duncan-Johnson and Donchin, 1977) . Moreover, in a typical auditory paradigm only two stimuli are presented and the subject is required to monitor for the less probable stimulus and essentially ignore the more probable stimulus. There are also logistical
